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▼The construction of large insert genomic libraries, for ex-
ample, YAC (yeast artificial chromosomes; Ref. 1) and BAC
(bacterial artificial chromosomes; Ref. 2) libraries, is a pre-
requisite for the analysis of complex genomes. In addition,
the isolation of genes from plant genomes by positional
cloning concepts (Ref. 3) relies on libraries with a repre-
sentative number of clones and with insert sizes exceeding
several hundred kilobases. However, size selection of the
ligation products by pulsed field gel electrophoresis (PFGE)
increases the average insert size but results in a conspicuous
drop in transformation efficiency (Ref. 4). Here, we present a
method that is useful for raising the average insert size, and
which simultaneously yields a sufficient amount of recom-
binant clones to speed up the construction of representative
YAC libraries.
To demonstrate this method, high-molecular-weight
DNA from barley (2−5 µg/80 µl) was digested, in agarose
plugs, by a competitive methylation/restriction assay (Ref.
5). The DNA is incubated in a reaction mixture of 50 mM
Tris/HCl (pH 8.0), 50 mM NaCl, 4 mM MgCl2, 80 µM S-
adenosylmethionine, bovine serum albumin (0.5 mg/ml),
2.6 mM spermidine, and 250 units EcoRI site methylase in
a final volume of 500 µl. The restriction enzyme EcoRI is
added at different concentrations of 0.1, 1 and 25 units to
check for optimal activity with respect to insert size and
transformation efficiency. The assay is kept on ice to direct
the enzymes into the agarose plug by diffusion for 45 min
and then subjected to incubation at 37◦C for 4 h. The re-
action is stopped by adding EDTA and Proteinase K to a
final concentration of 50 mM and 1 mg/ml, respectively.
Preparation of vector pYAC4 and in-agarose ligation of the
digested DNA are performed as described in (Ref. 4). After
liquification of agarose by agarase treatment, yeast sphero-
plasts are transformed (Ref. 6) directly without an addi-
tional size-fractionation step of the ligated DNA.
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In a typical experiment, recombinant clones exhibit-
ing a red phenotype were selected from synthetic dextrose
medium (Ref. 7) lacking uracil and analysed by PFGE (Fig.
1). Every yeast strain contained at least one YAC molecule,
as visualized by hybridization with pBR322 DNA. Insert
sizes of up to 800 kb were generated without a size frac-
tionation step (Fig. 1, lanes 3, 8 and 23). The application
of different concentrations of restriction enzyme resulted
in three classes of insert sizes (Fig. 2). YAC clones with an
average insert size of 205 kb have been produced using
0.1 units of EcoRI; a decrease to 185 kb and 110 kb were
observed with 1 unit and 25 units of EcoRI, respectively.
As expected, we observed an inverse correlation between
insert size and transformation efficiency (Fig. 2).
However, the insert sizes of the recombinant YACs gen-
erated by the methylation/digestion competition assay in-
creased by about 50% (Fig. 2a, pale red bar) in contrast
with those inserts generated by partial digestion alone (Ref.
4). Simultaneously, more than a 20-fold increase in trans-
formation efficiency was achieved (Fig. 2b, pale red bar),
compared with the amount of transformants obtained af-
ter size fractionation by PFGE (Ref. 4). Thus, the compe-
tition between methylase and restriction enzyme leads to
the generation of larger restriction fragments than those
obtained with the partial digestion; in addition, these frag-
ments yield more recombinant YACs per transformation
assay than PFGE-fractionated fragments.
This demonstrates that the cloning procedure described
here is clearly suitable for the fast and reliable construction
of representative, large-insert libraries from complex plant
genomes, such as that of barley, for three reasons: (1) it
generates large inserts, 205 kb versus 140 kb average insert
size; (2) a high transformation efficiency is achieved, 70
versus 3 transformants per µg DNA; and (3) the method
saves time because two steps (the tedious assessment of a
partial restriction assay and the size fractionation of the
DNA by PFGE) are omitted.
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FIGURE 1. Southern analysis of YACs, chosen randomly from a library that has been constructed by the competitive restriction/methylation assay using
1 unit of EcoRI. High-molecular-weight yeast DNA was separated by PFGE on a CHEF DRIII apparatus and hybridized with digoxygenine-labelled pBR322
DNA. Lanes 1−13 and 15−26, recombinant YACs picked directly after transformation from Ura- plates. Multiple YACs in a single lane originate from
multiple colonies that have been picked simultaneously. M, λ-concatemers; lane 14, yeast (strain YPH755) chromosome VII fragments of 1010 kb and
90 kb as a size marker.
FIGURE 2. (a) The distribution of insert size and (b) transformation efficiency of YAC clones subjected to different concentrations of EcoRI restriction
enzyme, under conditions described in the text. The average insert size has been calculated in kb, with n = 10, 32 and 10 for the incubations with 0.1, 1.0
and 25 units EcoRI, respectively. For transformation efficiency, the average number of red colonies per µg of DNA was calculated from ten independant
transformation events.
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We have created a barley library of 10,600 recombinant
pYAC4 clones by the competitive methylation/restriction
assay using 1 unit of EcoRI. Investigations to determine
the proportion of chimeric clones are currently in progress;
however, no increase in chimerism is expected because it
has been shown that large inserts are not correlated with
increased chimerism (Ref. 8).
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